In previous studies by Suzuki and Ukyo (1968) on the induction of ovulation in adult female rabbits with 41 different kinds of plants, this capability was found in the fruit and rind of lemons, radish roots, Aralia codrata stalks, hop leaves, young rice plants and Lycium chinense Miller.
In previous studies by Suzuki and Ukyo (1968) on the induction of ovulation in adult female rabbits with 41 different kinds of plants, this capability was found in the fruit and rind of lemons, radish roots, Aralia codrata stalks, hop leaves, young rice plants and Lycium chinense Miller.
The present paper reports that a substance which can induce ovulation in adult female rabbits was extracted from Lycium chinense Miller.
MATERIALS AND METHODS
The radix's rind of Lycium chinense Miller is called Lycii cortex radicis, the seed Lycii fructus, and the leaf Lycii folium. These three materials were used for experiments in the present study, and were purchased from the Honsokaku Co., Nagoya, Japan, in a dried state. 2) Extraction with an organic solvent: Lycii folium was extracted sequentially with the following organic solvents with increasing polarity, that is, n-hexane, benzene, chloroform, ethyl acetate, acetone, methanol and ethanol. The method of extraction was similar to that with water. Each 100 g of dried leaves were macerated in 1,000-2,000 ml of organic solvent and kept at room temperature for 24 hours, then the extract was concentrated and dried completely under a reduced pressure. The residue was then redissolved in 2-3 ml of propylene glycol and bioassayed with adult female rabbits.
3) Dialysis through cellophane membrane: The crude extract with water from 100 mg of Lycii folium, was concentrated under a reduced pressure to approximately 50 ml. The extract was then placed in Visking seamless cellulose tubes and dialyzed against distilled water for 48 hours. The dialyzing distilled water was changed every 4 hours. The dialysate was concentrated under a reduced pressure. A white precipitate formed inside the dialyzing membrane was separated by centrifugation at 3,000 r.p.m. for 10 minutes. The dialyzed portion (Extract A) gave an intense positive ninhydrin reaction, but the non-dialyzed portion gave a negative ninhydrin test. The non-dialysate was centrifuged and the supernatant fluid (Extract B) and precipitate (Extract C) were separated. Burning of the precipitate resulted in a large amount of ash, indicating substantial proportion of inorganic substances. A bioassay was carried out on the three kinds of extract.
4) Separation through pH changes:
Extract B had a pH of 5.6-5.8. This was adjusted to pH 3.0 with 0.1 N H2SO,, and kept in an ice chamber for 24 hours.
Then this extract was centrifuged at 3,000 r.p.m. for 10 min and the supernatant fluid (Extract B-P) and precipitate (Extract B-p) were separated.
Each was again adjusted to pH 7.0 with 0.1 N NaOH and subjected to bioassay.
5) Separation with activated charcoal:
Activated charcoal was placed in a column
(1 X 10 cm) and Extract B corresponding to a dry weight of 100 g was applied.
The sample was adjusted to pH 7.0 and the non-adsorbed fraction (Extract B-C) was bioassayed. 10) Amberlite IR-4B ion-exchange chromatography: Amberlite IR-4B, a weakly basic anion-exchange resin, was activated to prepare the acetate type and placed in a column of 3 x 20 cm. Extract B-M-2, representing an amount of dried leaf corresponding to 500 g, was applied onto the column and the adsorbed and non-adsorbed portions were separated.
The adsorbed portion was eluted off with 0.2 M pyridine formate buffer, pH 3.1, and the non-eluted portion was eluted with 0.1 N HCl. The non-adsorbed portion, eluted and non-eluted portion were concentrated under a reduced pressure and dialyzed in water.
These extracted samples (Extract B-M-2-4b1, Extract B-M-2-4b2 and Extract B-M-2-4b3) were then bioassayed.
11) Sephadex G-25 gel filtration:
Extract B-M-2-4b1 was separated into 3 fractions using Sephadex G-25, which was used as a molecular sieve. An amount of dried leaf corresponding to 50 g was concentrated under a reduced pressure to 3 ml and used as the sample. Water was used for elution.
Each 5 ml of fractions was collected and the optical density determined at 280 my. A curve, shown in Fig. 1 , was obtained.
Tubes 10-26 were called Fraction 1 (Extract B-M-2-4bl-F1), tubes 27 to 32 were Fraction 2 (Extract B-M-2-4b1-F2), and tubes 33 and above were Fraction 3 (Extract B-M-2-4b1-F3). These 3 fractions were also bioassayed.
12) Sephadex G-50 gel filtration:
Extract B-M-2-4bl-Fl, obtained as shown in Fig.  1 , was subjected to gel filtration using Sephadex G-50. Water was used for elution.
The optical density of each 5 ml fraction was measured at 280 my and a curve obtained as shown in Fig Each fraction was bioassayed. 14) Starch block electrophoresis: Extract B-M-2-4b1-F1 obtained as shown in Fig. 1 was subjected to starch block electrophoresis, using Sorensen's buffer, pH 6.8, in a 
RESULTS

1) Biological activity of the water-extracted material
The samples, extracted with water from 3 parts of Lycium chinese Miller, were used to examine their effects on ovulation. As shown in Table 1 , Lycii cortex radicis and Lycii fructus failed to induce ovulation in adult female rabbits. Biological activity was seen only in the Lycii folium, which was used in all sub sequent experiments. Lycii folium was extracted sequentially with 7 kinds of organic solvents with increasing polarity. As shown in Table 2 , no active substance inducing ovulation was noted in any extract.
3) Biological activity of extracts obtained by dialysis through cellophane membranes
Lycii folium was extracted with water and dialysis was carried out using Visk ing seamless cellulose tubes for 48 hours. The dialyzed solution had such intense No effective materials were noted in the portion with the white precipitate remaining in the cellophane bag and in the dialyzed solution. With Extract B, the supernatant fluid after centrifugation of non-dialysate, ovulation occurred in 19 of 32 rabbits.
Based on this fact, the effective substance appears to be a high molecular weight substance which does not pass the cellulose membranes (Table 3) . 
4) Biological activity after separation through pH changes
Extract B was adjusted to pH 3.0 with 0.1 N H2SO4, allowed to stand and then centrifuged to separate the supernatant fluid and the precipitate. Each fraction was bioassayed as shown in Table 4 , but no definite separation of any active component was possible. (Table 6 ).
7) Biological activity after treatment with 50% methanol
Extract B was treated with 50% methanol and centrifuged to separate supernatant fluid and precipitate. Upon assaying the biological activity of each fraction, as shown in Table 7 , ovulation was induced in 13 of 16 with the super natant fluid (Extract B-M), while no ovulation was induced in any of 8 rabbits with the precipitate (Extract B-M). 
8) Biological activity after separation with Amberlite IR-410 ion-exchange chroma tography
Extract B-M, obtained after treatment with 50% methanol, was separated into adsorbed and non-adsorbed portions through an Amberlite IR-410 ionexchange chromatography, and biological activity of each portion was examined . As shown in Table 8 , the non-adsorbed portion (Extract B-M-2) induced ovulation in 9 of 12 rabbits, but the adsorbed portion (Extract B-M-1) did not induce ovulation .
9) Biological activity after separation through CM-cellulose ion-exchange chromato graphy
Extract B-M-2 was applied on CM-cellulose to separate the adsorbed and non adsorbed portions and their biological activities were examined . The adsorbed portion did not induce ovulation, but the non-adsorbed portion induced ovulation in 4 of 6 rabbits. Under these experimental conditions , the active portion was not adsorbed to CM cellulose (Table 9) . 10) Biological activity after separation through Amberlite IR-4B ion-exchange chromatography Extract B-M-2 was further subjected to Amberlite IR-4B ion-exchange chro matography. The adsorbed portion was further divided into two portions, the one eluted with 0.2 M pyridine-formate buffer (Extract B-M-2-4b2) and the other eluted with 0.1 N HCl (Extract B-M-2-4b3). Non-adsorbed portion (Extract B-M-2-4b1) was also bioassayed. Under these condtions, as shown in Table 10 , only the non-adsorbed portion induced ovulation in 7 of 12 rabbits. The active substance thus appeared to be of a large molecular size (Table 11) . 13) Biological activity after DEAE cellulose ion-exchange chromatography Extract B-M-2-4b1-Fl was further divided into non-adsorbed and adsorbed portions with DEAE-cellulose and their biological activities were examined. As aresult of biological assay, the adsorbed portion (Extract B-M-2-4bl-Fl-DE) in duced no ovulation in any of 4, and non-adsorbed portion induced ovulation in 2 of 4 rabbits. Under such conditions, the active component appeared to be not adsorbed to DEAE-cellulose (Table 13 ). 
14) Biological activity after electrophoretic analysis
Extract b-M-2-4b1-Fl was further subjected to electrophoresis using Sorensen's buffer to separate the fraction which moved to cathode, the fraction which moved to anode (1), and fraction which moved to anode (2) . As a result of biological assay, the fraction which moved to cathode side (Extract B-M-2-4b1 -Fl-elA) induced ovulation in none of 12 rabbits, the fraction which moved to anode (1) (Extract b-M-2-4b1-Fl-elB) induced ovulation in 5 of 12, and the fraction which moved to anode (2) (Extract B-M-2-4bl-Fl-elC) induced ovulation in 2 of 12 rabbits (Table 13) . It has been widely used as crude drug but its pharmacological action remains mostly unknown.
As a result of the present study, the presence of active substances was demonstrated in Lycii folium upon extraction with water but not with organic solvents. This substance is thus only water soluble. The active substance remains in the non-dialyzed portion after dialysis for 48 hours in Visking seamless cellulose tubes against running water. This substance was found to be eluted relatively earlier in gel filtration with Sephadex G-25 and G-50. The molecular weight of this substance appeared to be relatively large.
The fraction containing the active component was also Ninhydrin negative (0.2% Ninhydrin in n-butanol was employed), but hydrolysis of the fraction with concentrated NaOH gave positive Ninhydrin reaction, suggesting the presence of amino groups in the fraction containing this active component. The elucidation of the mechanism of the pharmacological action of this extract remains to be further studied.
